For many doctors the Internet is now an important means of communication and continuing education 1 ; but, in use of this medium for research, medicine has lagged behind the world of business 2 . Lately, application of the Internet for health surveys has been enthusiastically promoted 3, 4 , and citations to research by e-mail techniques have been increasing ( Figure 1 ). Insertion of a questionnaire into an e-mail message is a low-cost and rapid way to conduct a health survey. In this paper we draw on our experience in conducting three e-mail surveys, together with a review of the published work, to review the strengths and weaknesses of Internet-based methods and offer some recommendations.
GATHERING DATA
Survey research can be conducted electronically via e-mail, the World Wide Web, newsgroups and electronic bulletin boards (terms explained in Box 1).
In an e-mail survey a questionnaire can be placed in the text of an e-mail message or sent as an attached document. E-mail surveys require a list of e-mail addresses for the target group, compiled from Internet or printed sources. Responses can be returned in hours and, because the data are collected electronically, separate data entry can be avoided. Most e-mail systems can con®rm that the message has been received and opened. Participants add their responses to the questionnaire and e-mail it back to the researcher. Reminders are easily sent, and the advantages of the method in time, stationery and administrative costs are self-evident.
Questionnaires distributed via the World Wide Web can be much more elaborate. They are accessed with suitable`browser' software and responses are entered directly into an on-screen form. Validity checking and skip patterns can be automated, and data can be collected in a format suitable for direct analysis. However, the software required may make the method more expensive, more time-consuming and technically more demanding than a simple e-mail survey.
Finally, the Internet can be used to make contact with potential study participants who are then interviewed by more traditional methods 5, 6 .
EXPERIENCE WITH E-MAIL SURVEYS
We conducted three e-mail surveys. In the ®rst, we surveyed public health physicians in the UK about their clinical work 7 . We sent a questionnaire to two mailbases and a mailing list, and asked respondents to pass on the questionnaire. In the second, we sent a questionnaire about smoking to health professionals on four mailbases. In the third we surveyed the training experience of trainees in academic public health in the UK, identifying eligible subjects from a list of e-mail addresses provided by a professional body, universities and a teaching handbook 8 . We contacted all potential respondents by e-mail to con®rm that they were eligible. We sent our provisional list to all potential respondents and to all UK academic departments of public health to con®rm its completeness. After piloting and e-mailing the questionnaire, we sent reminders at three and seven weeks and contacted all non-responders by telephone at eight weeks to elicit reasons for non-response. The responses were entered manually into a database for analysis.
In addition we looked at three databases for reports in which the Internet had been used for data collection. Embase (1980±January 2000), Medline (1966±February 2000) and Cinahl (1982±December 1999) were searched for the terms`e-mail',`e adj mail',`exp computer communication networks/',`electron$',`survey$' and on-line systems/', and we included reports in which email or the World Wide Web had been used to collect data. Excluded were surveys that used Internet methods to identify and recruit subjects but then collected data via a conventional postal questionnaire. We reviewed reference lists in all the papers we retrieved and wrote to the authors of the surveys published up to mid-1998 to ask for information about other surveys we might have missed.
Our ®rst survey yielded 275 repliesÐfrom 34% of the public health physicians known to be practising in the UK at the time. Our second survey produced 90 replies, but the response rate could not be estimated because we did not know how many members the mailbases had. Our third survey produced 48 eligible responses (81%), rising to 52 (88%) after a telephone reminder. E-mail responses were dif®cult to read because our original question formatting had been distorted in the process of reading and reply.
We found 43 reports describing 47 surveys published between 1995 and 1999. A complete list of references is available from CF. The most frequent survey topic was use of computing and the Internet; others included individual diseases (such as prostatitis 9 , ulcerative colitis 10 , motor neuron disease 11 , panic attacks 12 ), research methods (the SF36 questionnaire 13 , staining techniques 14 , dietary questionnaires 15 ) and the use of health services (demand for refractive surgery 16 , support groups 17 ). Some surveys were clearly designed to produce impressionistic information rapidly 14, 18 and to generate ideas for later rigorous research. Other people used the method to access groups such as recreational drug users 19 and bisexuals 20 who might be dif®cult to survey by other means. 17 of the surveys were by e-mail, 13 via newsgroups, discussion forums and bulletin boards and 17 by web-based methods. There seemed to be a shift towards web-based methods. Only half of the non-web surveys (13/26) gave the exact number of eligible subjects. Around three-quarters of non-web surveys (19/26) gave an estimated response rate, which ranged from`less than 1%' to 88% (median 34%). The median number of responses to the web questionnaires was 277 (range 30±5642). All but one 21 of the 21 web-based surveys seemed to offer unrestricted access to the questionnaires, so could not estimate the size of the denominator populations. Two research groups made rigorous attempts to estimate the size of the target population from multiple data sources 8, 22 , and two speci®ed the size of the target population as part of the design 15, 21 .
SOURCES OF BIAS
The most important disadvantage of collecting data via the Internet is selection bias. Individuals with access to e-mail and the Internet are likely to be male, to come from a professional social class, to have a high income, to be younger than the general population 20, 23 and to be in better general health 13 . Ulcerative colitis patients recruited through a web page 24 were younger and had more severe disease than those seen in general surgical practice. E-mail respondents are younger, with better education and higher incomes, than those responding to postal questionnaires 20 .
Very low response rates increase the risk of selection bias. Several surveys 11, 25 used`snowballing' techniques where respondents were encouraged to pass on the questionnaire to others known to them. Although this may increase the number of responses, it can also worsen uncertainty about the response rate, the nature of the population to which the results can be generalized and the extent of selection bias. There have been few direct comparisons between e-mail and paper surveys but there is some evidence that paper surveys have a higher response rate 26 : in one direct comparison, the paper form of a survey had a response rate three times that of the Internet form 21 
Epinet
A dedicated electronic message distribution system operated by the UK Department of Health, originally introduced to disseminate information about communicable disease control but now used to distribute information to health authorities on a wide range of subjects. Unlike Internet access or e-mail, it requires special hardware, which limits its availability but may increase security explicitly that they were intended to pilot questionnaires 9, 27 or to test methods 13, 15, 21 rather than gather data on a target population. However, almost 60% (26/43) went on to generalize the ®ndings to a source population. For example, conclusions were drawn from web-based surveys about the willingness of doctors to pay for continuing medical education 28 , the likely national level of demand for a surgical procedure 16 and the extent of use of complementary medicine among patients with in¯ammatory bowel disease 29 . In surveys with response rates of 2%, 4% and 7% conclusions were drawn, respectively, about the diagnoses of patients who used parts of the Internet 30 , the usefulness of a support group 31 and factors in¯uencing diagnosis 11 . Such conclusions are clearly unsafe. These concerns may also apply to qualitative studies. One report 32 was based on data from 30 self-selected respondents to a globally accessible questionnaire; another 3 on 40 responses from a target population of 1200 people. We need to be sure that particular kinds of responses are not systematically excluded; for this purpose convenience samples are less satisfactory than other methods 33 . Finally, some research 34, 35 has suggested that those who respond to computer-administered surveys differ systematically in the way they answer questions from those who respond to paper surveys. But selection bias is not inevitable. We were able to limit it by using clearly de®ned eligibility criteria, by estimating the number of eligible subjects from multiple data sources, by validating e-mail addresses and by using reminders, to obtain responses from almost 90% of those eligible 8 .
Technical factors
Use of e-mail to collect data is technically straightforward and investigators have some control of who receives their questionnaire. However, if the questionnaire is included in the body of the e-mail message the options for questionnaire layout are very limited. Respondents' software may use different fonts and line lengths, and this alters the alignment of tables, columns and checklists, scrambling the responses. The questionnaire can be sent as an attached document, but reading of the document may be complicated by version and software incompatibility and differences in the encoding process.
Whereas errors in a postal address are tolerated, even minute errors in an e-mail address can make a message undeliverable. In one study 27% of e-mail addresses on a professional list were found to be incorrect 36 . There is little information about the long-term stability of e-mail addresses; a US group found that 30% had changed over two years 10 . Not surprisingly, response rates are said to be much higher when e-mail addresses are con®rmed in advance 22 . In theory, software options to con®rm delivery and the opening of a message should help to clarify reasons for non-response; in our third survey 8 we found that delivery was con®rmed in 52% and opening con®rmed in only 32% of cases.
An advantage claimed for use of e-mail is rapid response 3, 27 . Initial replies may indeed be received very quickly, but achievement of a reasonable response rate may take just as long as with postal surveys. For 13 non-web surveys, the time to reach ®nal response rate was 1±15 weeks (median 4 weeks). The reported responses to 18 web surveys were based on collected data for 2±52 weeks (median 8 weeks).
Use of web questionnaires
Access to web-based questionnaires can be controlled by sending the selected recipients a password, although this additional step may reduce response rates. Software for web-based questionnaires is increasingly available but is expensive, particularly for small surveys. A large survey may justify the time spent and provide the additional advantage that data entry can be automated. In the e-mail surveys we reviewed, data were commonly entered manually.
Other issues
Use of an e-mail address does not indicate that respondents are who they say they are, but a validation procedure was not reported in any of the surveys we reviewed. People may complete surveys on behalf of others 29 . Paper surveys are not immune to falsi®cation but there is anecdotal evidence that Internet surveys are particularly prone to it 37 . Con®dentiality may be a concern for e-mail surveys, since return of a questionnaire by e-mail identi®es its source. In our experience 8 and that of others 25 , respondents may print the questionnaire and remove all personal identi®ers before posting their response back. Some researchers 10, 38 have requested and been granted access to medical records from those visiting web sites, but the dif®culty of verifying identities may complicate this approach. Consent to participation in Internet-based research is usually taken for granted, but this assumption may become less acceptable in future. Ethical approval for research involving individuals in many different countries also raises new issues 39 .
MAKING ELECTRONIC SURVEYS MORE USEFUL
The greatest challenge is to devise electronic surveys that are informative about a larger population. At present a truly representative sample is obtainable only in groups with a high level of electronic accessÐsuch as professional organizations 36, 40 , those in higher education 8, 15, 21 or members of on-line patient support groups 9, 17 and eligibility criteria clearly before conducting the survey and estimate the size of the eligible population (the size of mailbase or listserv membership may be available from the list organizers). The methods used to de®ne the sample need not be the same as those used to conduct the survey: other sources may be used to obtain a list of participants who are then e-mailed questionnaires 8, 21, 40 . Second, check e-mail addresses, perhaps in a validation phase before the main survey 8, 22 .
Third, if the questionnaire is to be included in the body of an e-mail message simple formatting is essential: avoid tables, columns or layout likely to change when viewed with different software. If complex questions are needed, a web-based design may be more appropriate.
Fourth, make clear to participants that they have the option of returning the questionnaire by post, since some people dislike completing a questionnaire on a screen and others may wish to be anonymous.
Finally, use e-mail to send reminders but allow recipients plenty of time: some people do not open their mail very often.
